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The Guide for the Care and Use of Laboratory Animals emphasizes 
the importance of social housing for many species, including 
rodents, because social isolation is generally considered to be 
detrimental psychologically and physiologically.17,18,31 Barren 
environments have been suggested to decrease wellbeing, 
immune function, and neurologic development.21 However, 
sometimes rodents must be housed individually because of 
injury, attrition, incompatibility, or study protocol. In these 
situations, the Guide recommends provision of enrichment to 
decrease stress and to improve the wellbeing of the individual 
animal.17
Although completely eliminating stress is impossible and 
arguably undesirable, ideal environmental enrichment provides 
coping mechanisms for laboratory animals through a variety of 
mechanisms. Cage structures (such as nesting material, boxes, 
and tubes) compartmentalize cage space and provide mice 
some measure of control over light, temperature, and air expo-
sure.4,29 Other enrichment strategies provide animals the means 
to practice behaviors they normally would use in the wild (or 
when otherwise given liberty to choose their behaviors). For 
example, in the wild, most of a mouse’s time is spent foraging,4 
so finding ways to encourage this activity mimics their natural 
environment.
From an evolutionary standpoint, these innate behaviors 
presumably serve to enhance animals’ survivability and ability 
to pass their genes to future generations. For example, opportu-
nities for exercise enhance cardiovascular and skeletal health; 
successful social participation increases likelihood of offspring; 
chewing and foraging promotes dental and gastrointestinal 
health, and suitable hiding and nesting areas provide security 
and warmth.23,27,32 The more animals can perform these natural 
behaviors, the healthier they will be and the better they will 
model humans, who are able to choose their own behaviors.3
In this study, we examined a variety of enrichment strate-
gies to assess which might be most beneficial for mice. To this 
end, we provided groups of female ICR mice with 1 of 11 dif-
ferent environmental enrichment strategies that encouraged 
natural behaviors such as foraging, exercise, sheltering, and 
socialization. We then assessed physiologic and behavioral 
measurements of wellbeing.
For this study, we hypothesized that singly housed, unen-
riched mice would demonstrate behavioral and physiologic 
evidence of being stressed (negative control); those pair-housed 
would be the least stressed (positive control); and singly housed, 
enriched animals would fall in the middle, with little difference 
as to which enrichment device was used. Within the treatment 
groups and in light of current literature,23,27,32 we predicted that 
nesting materials would show the most evidence of use and im-
proved animal wellbeing. We also expected that rodents would 
become acclimated to their enrichment device and hypothesized 
that a rotation of devices would be more novel and stimulating. 
Recognizing that environmental enrichment is best evaluated 
through multiple measures of behavior and physiology,4 we 
measured body weight, CBC, organ weights, and behavior.
Materials and Methods
Experimental design. Through peer-sharing groups, marketing 
materials, and research papers, we compiled a list of potential 
enrichment devices for our institution. From this list, we selected 
11 treatments which included foraging, exercise, sheltering, and 
socialization behaviors (Figure 1) for evaluation in this study.
Animals. With regard to the principle of reduction, this study 
was part of our existing indirect sentinel program for one 
quarter. We used female ICR mice (Taconic, Cambridge City, 
IN) purchased at 4 to 6 wk of age. With the exception of the 
mice in the paired animal group, which were pair-housed upon 
arrival, the mice were single-housed and allowed to acclimate 
to the facility for 1 wk. The singly housed mice were randomly 
assigned to their treatment group (Figure 1) and balanced across 
caging type and facility, by calculating the number of sentinel 
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cages required per animal facility and determining the propor-
tion of cages in each treatment to be assigned to each facility. 
Facility 1 had 16 rooms, Facility 2 had 11 rooms, Facility 3 had 
7 rooms, Facility 4 had 6 rooms, and Facility 5 had 3 rooms. We 
were unable to ensure that each room had each treatment, due 
to the design of the sentinel program with which this project 
was associated. Because room could be a potential confounder 
for the experimental design, we strove to mitigate this effect by 
spreading treatments across all facilities. The range of treatments 
per room was dependent on the room population size and was 
0 to 2 per room, with an average of 1 per room.
General husbandry. This study was conducted across 5 animal 
facilities at the Laboratory Animal Resource Center (LARC) of 
the Indiana University School of Medicine, which is AAALAC-
accredited. All parts of this study were performed under an 
IACUC-approved protocol. Traffic flow was from clean to 
dirty with regard to biosecurity and rodent husbandry room 
disease status. Access was restricted at facility and room levels 
to investigator personnel. All husbandry and veterinary staff 
wore facility-laundered scrub uniforms when in animal rooms. 
Personal protective equipment, including disposable gowns, 
bonnets, face masks, and gloves, was required for everyone 
when handling animals. Cages were opened only within a 
laminar flow workstation.
Mouse colonies at this institution were screened quarterly for 
the following pathogens by using indirect sentinel exposure: 
Sendai virus, mousepox virus, minute virus of mice, reovirus 
3, pneumonia virus of mice, mouse hepatitis virus, Mycoplasma 
pulmonis, epizootic diarrhea of infant mice virus, murine en-
cephalitis virus, and rodent pinworms and mites. In addition 
to the quarterly panel, mouse colonies were screened (SMART-
SPOT 9-Analyte ELISA Panel, Biotech Trading Partners, Dublin, 
OH) semiannually for Clostridium piliforme, ectromelia virus, 
lymphocytic choriocytic meningitis virus, hantavirus, mouse 
adenovirus, and murine cytomegalovirus. The facilities do not 
regularly screen mouse colonies for Helicobacter spp. or noro-
virus, except for colonies where investigators have requested 
this additional screening. At the time of study, 2 of the 43 
rooms of mice were positive for fur mites and pinworms (both 
in Facility 1).
Microenvironment. Mice were housed in IVC (Alternative 
Design, Siloam Springs, AK, or Lab Products, Seaford, DE, de-
pending on the facility) with the air handler set to 50 air changes 
per hour. Either corncob (Teklad 7097, Harlan, Madison, WI) 
or pelleted paper (Teklad 7084, Harlan) bedding were used, 
depending on the facility. Standard chow (Teklad 2018, Harlan) 
and reverse-osmosis–filtered water were provided without re-
striction through water bottles or an automatic watering system. 
Figure 1. Description of enrichment treatments. All treatments were provided 7 d each week. For analysis, treatment groups were subdivided 
into subgroups according to enrichment type. These subgroups were compared with singly housed (negative control) and paired (positive 
control) mice.
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As described earlier, cages were randomized to ensure balance 
across these facility-level variations.
Cage sanitation. Cages were changed every other week in a 
laminar flow workstation (NuAire, Plymouth, MN). Animal 
caretakers wore gloves while changing cages and sprayed 
gloved hands with disinfectant (either 10% bleach solution or 
MB10, Quip Labs, Wilmington, DE) between cages, to control 
opportunistic pathogens. Soiled cages and reusable enrichment 
devices were sanitized in a mechanical cage washer with a final 
rinse temperature of 180 °F (82 °C). All caging equipment (in-
cluding reusable and paper or cardboard enrichment devices) 
were autoclaved prior to use. Because animals in this study 
were sentinels, at the time of cage change, all cages of mice were 
exposed to approximately 1 teaspoon of dirty bedding from each 
cage on a rack. Facility standard operating procedures call for 
one sentinel cage to every 70 colony cages, so choosing large 
population rooms (that is, those with at least 100 cages of colony 
animals) kept sentinel exposure rates similar.
Macroenvironment. Rooms were maintained on a 12:12-h 
light:dark cycle. Temperature was maintained at 72 ± 1 °F (22.2 
± 0.5 °C), and humidity was 30% to 70%.
Staff training. Prior to the start of the study, one author (JP) 
met in-person with husbandry staff and management at each 
facility to explain the study purpose, process, and expectations. 
A 1-page hard-copy summary was provided for future reference.
Staff changed and exposed sentinel cages to dirty bedding 
as scheduled for the facility sentinel program and moved en-
richment items from the old to the new cage. For mice in the 
dietary enrichment group, husbandry staff was directed to scat-
ter or hide 5 seeds in each cage daily. Research staff provided 
new enrichment every other week when they collected data 
(enrichment use, handling scores, and body weights). Labels 
on each cage card indicated the enrichment item that belonged 
in the cage.
Experimental procedures. After a 1-wk acclimation period, 
rodents were moved to our surgery suite area in preparation for 
their baseline blood sample collection. They were given 1 h to 
recover from the potential stress of cage transportation before 
collection began.5
For blood collection, mice were anesthetized by using iso-
flurane (Piramal Enterprises, Andhra Pradesh, India). Samples 
were collected from either the medial saphenous or superficial 
facial vein, according to technician preference. Although the 
use of anesthesia can result in additional stress, we wanted 
baseline samples comparable to the final blood collection (ex-
sanguination under isoflurane anesthesia). Next, each mouse 
was weighed, one was ear tagged (when housed in the paired 
experimental set), and the cage was assigned a unique identifier. 
Enrichment devices were added to the cage according to as-
signed treatment group. After return of the mice to their housing 
rooms, husbandry staff were instructed to begin dirty-bedding 
sentinel exposure. Every other week, research staff replaced or 
renewed enrichment (as appropriate), weighed the sentinel, 
and scored handling tolerance and enrichment use behaviors. 
All scoring was done within a 4-h window in the afternoon.
Enrichment use was scored manually cageside, before the 
cage was disturbed in any way. The scale criteria were: 0, enrich-
ment item shows no indication of use; 1, enrichment item shows 
sign of use; and 2, mouse is currently using enrichment item.
After scoring of enrichment use, the cage was brought to 
the change station, where body weight was measured and a 
handling tolerance score was assigned on a scale of 1 to 3: 1, 
not agreeable to handling (aggressive, elusive, and so forth); 2, 
tolerates handling as expected; and 3, seems content or friendlier 
than expected. New enrichment then was provided, and the cage 
was closed and returned to the ventilation rack.
At the end of the 3-mo data collection period, mice were pro-
cessed as sentinels, with terminal cardiac blood collection after 
isoflurane anesthesia. The collected sample was split between an 
EDTA-treated tube and a tube with no additive. The serum was 
processed as part of the sentinel program (see General Husbandry 
section for sentinel pathogen screening performed), whereas the 
EDTA-treated blood was used for CBC analysis (Hemavet, Drew 
Scientific, Miami Lakes, FL). The neutrophil:lymphocyte ratio, 
a measurement of chronic stress in mice,10,16 was calculated by 
dividing the total number of neutrophils by the total number 
of lymphocytes.
Final body weights were recorded for comparison between 
groups. Gross necropsy was performed for signs of abnormal 
clinical conditions, and adrenal glands, spleen, thymus, and 
heart were collected. The proportional weight of each organ 
to total body weight was calculated, because organ weights 
(especially of adrenal glands and thymus) are relatively reliable 
reflections of chronic stress.1,6,12
Statistical analysis. All statistical analyses were performed by 
using JMP 10.0.0 software (SAS Institute, Cary, NC). Data were 
tested for normal distribution by using the Shapiro–Wilk test. 
The measured parameters were analyzed by using one-way 
ANOVA, with Tukey posthoc tests applied as needed. Treatment 
groups were subdivided according to category of enrichment 
item for analysis. These subgroups were compared with singly 
housed (negative control) and paired (positive control) mice 
(Figure 1). Summary data are expressed as mean ± SE, and 
a P value of less than 0.05 was considered to be statistically 
significant.
Results
CBC results. There were no significant intergroup differences 
in baseline whole blood cell count (F11,197 = 0.8961, P = 0.5452), 
total neutrophils (F11,197 = 1.0348, P = 0.4171), total lymphocytes 
(F11,197 = 0.8643, P = 0.5763), or the neutrophil:lymphocyte ratio 
(F11,197 = 0.5508, P = 0.8664). All values (Table 1) were within 
published normal ranges.24
There were no significant intergroup differences in the final 
whole blood cell count (F11,196 = 1.0724, P = 0.3854) or total 
neutrophils (F11,196 = 1.0678, P = 0.3892), but the final total neu-
trophil count was significantly (P = 0.0298) increased compared 
with baseline in the mice provided with shower curtain hooks. 
Although final total lymphocyte count did not differ between 
groups (F11,196 = 1.1878, P = 0.2976), final total lymphocytes were 
lower (P = 0.0192) than baseline in the mice provided the red 
igloo. There were no significant intergroup differences in the 
final neutrophil:lymphocyte ratio (F11,196 = 1.1675, P = 0.3119), 
but the final neutrophil:lymphocyte ratio was increased (P = 
0.0352) compared with baseline in the mice provided the red 
igloo (Figure 2).
Final body and organ weights. Body weight (Figure 3) showed 
a significant effect of treatment (F11,213 = 2.4379, P = 0.0070). Com-
pared with baseline values, final body weight was significantly 
higher in the paired mice (P = 0.0342) and in mice provided 
cotton squares (P = 0.0451) but significantly lower in the mice 
provided running tracks (P = 0.0002).
Proportional adrenal weights (Figure 4) showed no sig-
nificance in the overall model (F11,213 = 1.4168, P = 0.1668) but 
a treatment-associated increase (P = 0.0210) in mice provided 
a red igloo. For proportional spleen weight (Figure 5), the 
overall model was significant (F11,213 = 1.9112, P = 0.0393), with 
a decrease (P = 0.0099) in the spleen weight of mice given a red 
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igloo. Proportional thymus weights (Figure 6) demonstrated no 
significance in the overall model (F11,213 = 1.0379, P = 0.4141) but 
a significant (P = 0.0334) increase in mice provided a running 
track. Proportional heart weight (Figure 7) lacked significance 
in the overall model (F11,213 =1.8302, P = 0.0506) but was signifi-
cantly higher in the mice given sunflower seeds (P = 0.0176) or 
a running track (P = 0.0118).
Handling and use scores. All enrichment items were observed 
to be used. However, the shower curtain hook showed the least 
use, in part because there was no evidence of its use except for 
direct observation. The few mice that were observed using the 
hook during the day spun and flipped through it repeatedly, as 
would usually be associated with stereotypies.
Handling scores showed a significant effect of treatment 
(F12,1330 = 4.6533, P < 0.001), with the pair-housed and drinking 
bottle groups exhibiting the highest final handling tolerance 
scores (P < 0.001 and P = 0.192, respectively). The mice given 
the sunflower seeds showed a significant (P = 0.0006) decrease 
in their handling score. Final handling tolerance scores ranged 
from 2.0 (sunflower seeds) to 2.6 (pair-housed).
Discussion
In this study, we had hypothesized that singly housed, un-
enriched mice would serve as a control for high stress levels, 
and we expected pair-housed mice to be validated as the least-
stressful situation. Furthermore, we expected that single-housed 
enriched mice would demonstrate little difference in stress levels 
between treatment groups but perhaps show a measurable 
preference of use for one or more devices over others.
However, none of our measures revealed a significant benefit 
to the singly housed unenriched mice, even when compared 
with pair-housed mice (which we viewed as the preferred 
situation). This study ran 12 wk, and perhaps mice became 
habituated to their situation. Other studies have demonstrated 
that a long-term isolated and unenriched environment causes 
chronic stress in mice,2,7,19 but those studies did not use the 
ICR strain, as we did. Similarly, we expected pair housing to 
provide a positive control as the least-stressed group; however, 
the only significant finding for pair-housed mice in this study 
was an increase in total body weight as compared with all other 
treatment groups.
Table 1. Baseline and final mean leukocyte values 
Baseline (x109 cells) Final (x109 cells)
Treatment WBC (2–10)
Neutrophils 
(0.4–3) Lymphocytes (1.4–8) WBC (2–10) Neutrophils (0.4–3) Lymphocytes (1.4–8)
Singly housed 3.69 0.78 2.66 3.60 0.68 2.67
Paired 4.71 1.11 3.30 3.80 0.71 2.82
Rotated enrichment 4.37 1.01 3.09 3.73 0.63 2.82
Disposable hut 4.15 0.89 2.97 3.77 0.71 2.77
Igloo 4.82 1.16 3.38 3.04 0.71 2.10a
Drinking bottle 4.74 1. 00 3.47 3.98 0.71 3.04
Tissue 4.67 1.12 3.24 4.58 0.90 3.36
Cotton square 4.15 0.90 2.98 3.89 0.64 3.02
Cardboard tube 4.29 0.91 3.03 4.59 0.84 3.40
Sunflower seeds 4.15 0.84 2.99 3.72 0.83 2.64
Shower curtain hook 5.02 1.13 3.55 4.28 0.96a 2.99
Running track 4.17 0.93 2.90 4.00 0.76 2.97
Normal range (from reference 24) is given in parentheses.
aP < 0.05 compared with baseline value for enrichment treatment.
Figure 2. The neutrophil:lymphocyte ratio (mean ± SE) was calculated 
by dividing the total number of neutrophils by the total number of 
lymphocytes. The ratio at the end of the study was increased (*, P = 
0.0352) in the mice provided with the red igloo compared with base-
line.
Figure 3. Compared with corresponding baseline values, body weight 
was increased in paired mice (P = 0.0342) and mice provided cotton 
squares (P = 0.0451) but decreased in those provided the running track 
(P = 0.0002).*, P < 0.05.
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However, individually housed animals are still exposed 
through sight, smell, and sound to other animals in the same 
room.1 This situation is especially true for our current study 
because we used sentinel mice; the exposure of dirty bedding 
from other animals may itself be enriching or distressing. In 
the current study, we controlled for this effect by exposing all 
mice, albeit at different levels, depending on the cage census 
in each room. Repeating this study with nonsentinel animals 
might be valuable, to compare physiologic responses with these 
dirty-bedding exposures.
In addition, we were unable to detect significant differences 
in enrichment preference. Although this study was not a for-
mal preference test (with comparison between 2 objects), we 
did hope to find some significance of duration of time used, 
indicating preference. All enrichment items were seen in use, 
at least periodically. However, when examining use data, we 
determined our scoring system was not designed to identify 
differences in use, so we excluded these data. For example, 
because we observed during the light cycle, shelters were used 
extensively, but mice were only rarely observed eating sun-
flower seeds. Although we suspect that these groups did not 
differ due to habituation of the animals to the enrichment (or 
lack thereof), we found no significant benefit to mice provided 
rotating enrichment. However, we discovered some differences 
in stress parameters among various enrichment devices, as 
described following.
Our biggest challenge in this study was consistency in the 
provision of the enrichment items, because this study relied on 
a large husbandry staff to comply with the prescribed enrich-
ments. The most common error encountered was that singly 
housed sentinels received our standard enrichment of tissue 
when they should not have. We did not record the occasions 
of this error, but it occurred infrequently, and the tissue was 
always removed within 24 h
The nesting options we used in this study were cotton squares 
and facial tissue. Facial tissue was chosen for this study because 
it was the standard cage enrichment used at our institution. 
Nesting material is repeatedly recommended as the single most 
important commodity in mice, with even poor nest-building 
strains showing some preference and attempts at nest building 
behaviors.14
Figure 4. Adrenal weight as a proportion of total body weight shows 
a treatment-associated effect, with a significant (P = 0.0210) increase in 
adrenal weight in the mice provided a red igloo. Data are presented as 
mean ± SE, and significance is set at P < 0.05.
Figure 5. Spleen weight as a proportion of total body weight shows a 
significant (P = 0.0099) decrease in the spleen weight of mice given a 
red igloo. Data are presented as mean ± SE, and significance is set at 
P < 0.05.
Figure 6. Thymus weight as a proportion of total body weight shows 
a significant (P = 0.0334) increase in the thymus weight of the mice 
provided a running track. Data presented with SE and significance is 
set at P < 0.05.
Figure 7. Heart weight as a proportion of total body weight showed 
significant increases in the mice receiving sunflower seeds (P = 0.0176) 
or enriched with the running (P = 0.0118). Data are presented as mean 
± SE and significance is set at P < 0.05.
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Mice provided cotton squares and paired mice both showed 
significant increases in total body weight compared with 
nonenriched mice. These data support recent findings of the 
importance of thermoregulation on metabolism.9,32 The lack of 
significant findings from mice provided tissues or cardboard 
tubes likely testifies to the inadequacies of these items for use 
as nesting materials. Indeed, in the current study, as well as 
our institutional standard, mice were provided only one tissue, 
which weighs only about 1 g, whereas a cotton square averages 
a little over 2.5 g22 of material. Others recommend that mice in 
laboratory conditions should be provided 6 to 10 g of nesting 
material that can be woven into a complex nest.13,15
Cardboard tubes, plastic igloos, water bottles, and disposable 
huts were chosen for study because they increase the complexity 
of an otherwise barren cage, provide additional wall space for 
naturally thigmotactic creatures, and provide a visual or physi-
cal barrier.1,20,28 Data from the current study suggest that red 
within-cage shelters may increase stress in mice, as evidenced 
by increased neutrophil:lymphocyte ratios, increased adrenal 
weights, and decreased spleen weights.16,30 These outcomes 
were unexpected considering that the mice chose to spend most 
of their time inside the provided shelters. Although the animals 
may prefer the dim light and thigmotactic properties of the 
shelter, this may effectively limit the useable cage space for that 
animal to the size of the shelter, leading to chronic stress. Other 
laboratories have reported that translucent red shelters partially 
rescued mice from effects of cold with a resulting decrease in 
adrenal weight9 however, we found the opposite adrenal effect. 
We did not find similar effects in mice provided the disposable 
huts or cardboard tubes. However, mice can alter disposable 
huts and cardboard tubes as they choose. Individual mice varied 
in this regard: some mice left these items intact, whereas others 
destroyed the structure. 
Benefits of the bottle include visibility for husbandry staff and 
low to no up-front cost. Many mice in our study designated it 
as a latrine site, which could improve overall cage condition 
for fastidious animals. Unfortunately, the design of the bottle, 
with its single entrance–exit, could create escape problems for 
mice in a group housing environment.
To encourage exercise and foraging behavior, we chose 
sunflower seeds, a shower curtain hook, and a running wheel 
(Fast-Trac, Bio-Serv) for this study. Despite their size, mice in 
the wild cover a lot of ground when searching for food and 
mates and in territory defense8 and will do so in captivity if 
provided the opportunity.4 Captive mice will work for access 
to an exercise wheel.28 In addition, foraging can help mice cope 
with thermal stress by selecting higher energy parts of food.23
Our finding of a significant decrease in the overall body 
weight of mice provided a running track was unsurprising, 
given that it provided an exercise opportunity. Also unsurpris-
ing was the accompanying increase in heart weight, presumably 
due to muscle gained through voluntary exercise.26 The signifi-
cant increase in thymus weight is in direct opposition to studies 
demonstrating that exercise results in a decrease in thymus 
weight.11,25 The running tracks in this study were mounted on 
top of the red igloo; however, if the igloo is in fact a source of 
increased stress, we would also expect a decrease in thymus 
weight.33 Perhaps the dirty-bedding exposure and exercise in 
combination caused these results.
Mice given 5 seeds daily did not show increases in overall 
body weight; however, they did demonstrate a significant in-
crease in proportional heart weight. We did not further analyze 
the composition of heart size to determine whether it resulted 
from an increase in muscle or fat. The increased cardiac size 
could be due to the exercise in search for seeds or an effect of 
the diet on heart composition.
Cages in the sunflower seed group were opened daily to 
provide enrichment. This quick treatment involved taking 
the cage to a biosafety cabinet, opening the lid, and scattering 
seeds within; it did not result in additional handling of the mice 
themselves. However, this enrichment resulted in a decreased 
handling score in this study. This decreased score was not ac-
companied by a physiologic indication of increased distress 
(neutrophil:lymphocyte ratio, organ weight change). Because 
they housed sentinel animals, all cages in this study were likely 
to be opened more than once weekly for the addition of dirty 
bedding, although cages housing the sunflower seed group 
were opened the most often.
The use of a shower curtain hook as a viable enrichment de-
vice warrants further investigation. If viable, it is inexpensive 
and easy to use and demands little cage space. Our research staff 
found it difficult to determine whether the hook was being used 
regularly; husbandry staff reported that the mice that did use 
it did so almost compulsively, similar to a stereotypic flipping 
behavior. In addition, we are unsure of the relevance of the 
isolated increase in neutrophils (which is potentially indicative 
of chronic stress) in mice provided the shower curtain hook.16
In conclusion, our study did not reveal a clearly superior 
enrichment device, although we did identify some potential 
concerns associated with the use of the red igloo. We allayed 
concern that the use of sunflower seeds for enrichment would 
result in obese mice. We found no benefit from our selected 
nesting materials; however, other materials may be superior op-
tions. Finally, although investigations have been made about the 
ability of dirty-bedding sentinels to reveal specific pathogens, 
the physiologic and psychologic changes caused by exposure 
to dirty bedding, outside of effects due to an infectious agent, 
warrant investigation.
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